permanent pool of water, this situation will not reduce the pond’s
effectiveness but may be an aesthetic drawback.

Wetponds work best when the water already in the pond is moved out en
masse by incoming flows, a phenomena called "plug flow." Because
treatment works on this displacement principle, the wetpool storage of
wetponds may be provided below the groundwater level without
interfering unduly with treatment effectiveness. However, if combined
with a detention function, the live storage must be above the seasonal high
groundwater level.

Wetponds may be single-purpose facilities, providing only runoff
treatment, or they may be combined with a detention pond to also provide
flow control. If combined, the wetpond can often be stacked under the
detention pond with little further loss of development area. See BMP
T10.40 for a description of combined detention and wetpool facilities.

Design Criteria

The primary design factor that determines a wetpond's treatment
efficiency is the volume of the wetpool. The larger the wetpool volume,
the greater the potential for pollutant removal. For a basic wetpond, the
wetpool volume provided shall be equal to or greater than the total volume
of runoff from the water quality design storm - the 6-month, 24-hour
storm event. Alternatively, the 91* percentile, 24-hour runoff volume
indicated by an approved continuous runoff model.

A large wetpond requires a wetpool volume at least 1.5 times larger than
the total volume of runoff from the 6-month, 24-hour storm event.

Also important are the avoidance of short-circuiting and the promotion of
plug flow. Plug flow describes the hypothetical condition of stormwater
moving through the pond as a unit, displacing the "old" water in the pond
with incoming flows. To prevent short-circuiting, water is forced to flow,
to the extent practical, to all potentially available flow routes, avoiding
"dead zones" and maximizing the time water stays in the pond during the
active part of a storm.

Design features that encourage plug flow and avoid dead zones are:

« Dissipating energy at the inlet.
e Providing a large length-to-width ratio.

e Providing a broad surface for water exchange using a berm designed
as a broad-crested weir to divide the wetpond into two cells rather than
a constricted area such as a pipe.

e Maximizing the flowpath between inlet and outlet, including the
vertical path, also enhances treatment by increasing residence time.

Sizing Procedure
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Procedures for determining a wetpond's dimensions and volume are
outlined below.

Step 1: Identify required wetpool volume using the SCS (now known as
NRCS) curve number equations presented in Volume 111, Chapter 2,
Section 2.3.2. A basic wetpond requires a volume equal to or greater than
the total volume of runoff from the 6-month, 24-hour storm event.
Alternatively, the 91% percentile, 24-hour runoff volume indicated by
an approved continuous runoff model.

A large wetpond requires a volume at least 1.5 times the total volume of
runoff from the 6-month, 24-hour storm event, or 1.5 times the 91%
percentile, 24-hour runoff volume..

Step 2: Determine wetpool dimensions. Determine the wetpool
dimensions satisfying the design criteria outlined below and illustrated in
Figures 10.1a and 10.1b. A simple way to check the volume of each
wetpool cell is to use the following equation:

v - h(A, 2+ A)
where \Y = wetpool volume (cf)
h = wetpool average depth (ft)
Ay = water quality design surface area of wetpool (sf)
Ay = bottom area of wetpool (sf)

Step 3: Design pond outlet pipe and determine primary overflow water
surface. The pond outlet pipe shall be placed on a reverse grade from the
pond's wetpool to the outlet structure. Use the following procedure to
design the pond outlet pipe and determine the primary overflow water
surface elevation:

a) Use the nomographs in Figures 10.2 and 10.3 to select a trial size for
the pond outlet pipe sufficient to pass the on-line WQ design flow Quq
indicated by the WWHM or another approved continuous runoff

model. (see Section-4.1.1 Tor-a discussion-on-the WQ-design flow)-

b) Use Figure 10.4 to determine the critical depth d. at the outflow end of
the pipe for Qug.

c) Use Figure 10.5 to determine the flow area A. at critical depth.

d) Calculate the flow velocity at critical depth using continuity equation
(Vc = qu /Ac).

e) Calculate the velocity head Vi (Vi =V.’ /2g, where g is the
gravitational constant, 32.2 feet per second).

f) Determine the primary overflow water surface elevation by adding the
velocity head and critical depth to the invert elevation at the outflow
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The inlet to the wetpond shall be submerged with the inlet pipe invert
a minimum of two feet from the pond bottom (not including sediment
storage). The top of the inlet pipe should be submerged at least 1-foot,
if possible.

Intent: The inlet is submerged to dissipate energy of the incoming
flow. The distance from the bottom is set to minimize resuspension of
settled sediments. Alternative inlet designs that accomplish these
objectives are acceptable.

An outlet structure shall be provided. Either a Type 2 catch basin with
a grated opening (jail house window) or a manhole with a cone grate
(birdcage) may be used (see Volume Ill, Figure 3.11 for an
illustration). No sump is required in the outlet structure for wetponds
not providing detention storage. The outlet structure receives flow
from the pond outlet pipe. The grate or birdcage openings provide an
overflow route should the pond outlet pipe become clogged. The
overflow criteria provided below specifies the sizing and position of
the grate opening.

The pond outlet pipe (as opposed to the manhole or type 2 catch basin
outlet pipe) shall be back-sloped or have a turn-down elbow, and
extend 1 foot below the WQ design water surface. Note: A floating
outlet, set to draw water from 1-foot below the water surface, is also
acceptable if vandalism concerns are adequately addressed.

Intent: The inverted outlet pipe provides for trapping of oils and
floatables in the wetpond.

The pond outlet pipe shall be sized, at a minimum, to pass the on-line
WQ design flow. Note: The highest invert of the outlet pipe sets the
WQ design water surface elevation.

The overflow criteria for single-purpose (treatment only, not combined
with flow control) wetponds are as follows:

a) The requirement for primary overflow is satisfied by either the
grated inlet to the outlet structure or by a birdcage above the pond
outlet structure.

b) The bottom of the grate opening in the outlet structure shall be set
at or above the height needed to pass the WQ design flow through
the pond outlet pipe. Note: The grate invert elevation sets the
overflow water surface elevation.

c) ‘tr-en-Hneponds—tThe grated opening should be sized to pass the

100-year design flow. The capacity of the outlet system should be
sized to pass the peak flow for the conveyance requirements.

An emergency spillway shall be provided and designed according to
the requirements for detention ponds (see Section 3.2.1 of Volume 1II).
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The Local Plan Approval Authority may require a bypass/ shutoff
valve to enable the pond to be taken offline for maintenance purposes.

A gravity drain for maintenance is recommended if grade allows.

Intent: It is anticipated that sediment removal will only be needed for
the first cell in the majority of cases. The gravity drain is intended to
allow water from the first cell to be drained to the second cell when the
first cell is pumped dry for cleaning.

The drain invert shall be at least 6 inches below the top elevation of
the dividing berm or baffle. Deeper drains are encouraged where
feasible, but must be no deeper than 18 inches above the pond bottom.

Intent: To prevent highly sediment-laden water from escaping the
pond when drained for maintenance.

The drain shall be at least 8 inches (minimum) diameter and shall be
controlled by a valve. Use of a shear gate is allowed only at the inlet
end of a pipe located within an approved structure.

Intent: Shear gates often leak if water pressure pushes on the side of
the gate opposite the seal. The gate should be situated so that water
pressure pushes toward the seal.

Operational access to the valve shall be provided to the finished
ground surface.

The valve location shall be accessible and well-marked with 1-foot of
paving placed around the box. It must also be protected from damage
and unauthorized operation.

A valve box is allowed to a maximum depth of 5 feet without an
access manhole. If over 5 feet deep, an access manhole or vault is
required.

All metal parts shall be corrosion-resistant. Galvanized materials
should not be used unless unavoidable.

Intent: Galvanized metal contributes zinc to stormwater, sometimes in
very high concentrations..

Access and Setbacks

All facilities shall be a minimum of 20 feet from any structure,
property line, and any vegetative buffer required by the local
government, and 100 feet from any septic tank/drainfield.

All facilities shall be a minimum of 50 feet from any steep (greater
than 15 percent) slope. A geotechnical report must address the
potential impact of a wet pond on a steep slope.

Access and maintenance roads shall be provided and designed
according to the requirements for detention ponds. Access and
maintenance roads shall extend to both the wetpond inlet and outlet
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structures. An access ramp (7H minimum:1V) shall be provided to the
bottom of the first cell unless all portions of the cell can be reached
and sediment loaded from the top of the pond.

If the dividing berm is also used for access, it should be built to sustain
loads of up to 80,000 pounds.

Planting Requirements

Planting requirements for detention ponds also apply to wetponds.

Large wetponds intended for phosphorus control should not be planted
within the cells, as the plants will release phosphorus in the winter
when they die off. Phespherus-uptake-is-achievedinlarge-wetponds
CRreHE R Engre

If the second cell of a basic wetpond is 3 feet or shallower, the bottom
area shall be planted with emergent wetland vegetation. See Table
10.1 for recommended emergent wetland plant species for wetponds.
Intent: Planting of shallow pond areas helps to stabilize settled
sediment and prevent resuspension.

Note: The recommendations in Table 10.1 are for western Washington
only. Local knowledge should be used to adapt this information if used in
other areas.

Cattails (Typha latifolia) are not recommended because they tend to
crowd out other species and will typically establish themselves
anyway.

If the wetpond discharges to a phosphorus-sensitive lake or wetland,
shrubs that form a dense cover should be planted on slopes above the
WQ design water surface on at least three sides. For banks that are
berms, no planting is allowed if the berm is regulated by dam safety
requirements. The purpose of planting is to discourage waterfow! use
of the pond and to provide shading. Some suitable trees and shrubs
include vine maple (Acer circinatum), wild cherry (Prunus
emarginata), red osier dogwood (Cornus stolonifera), California myrtle
(Myrica californica), Indian plum (Oemleria cerasiformis), and Pacific
yew (Taxus brevifolia) as well as numerous ornamental species.

Recommended Design Features

The following design features should be incorporated into the wetpond
design where site conditions allow:

The method of construction of soil/landscape systems can cause
natural selection of specific plant species. Consult a soil restoration or
wetland soil scientist for site-specific recommendations. The soil
formulation will impact the plant species that will flourish or suffer on
the site, and the formulation should be such that it encourages desired
species and discourages undesired species.
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For wetpool depths in excess of 6 feet, it is recommended that some
form of recirculation be provided in the summer, such as a fountain or
aerator, to prevent stagnation and low dissolved oxygen conditions.

A flow length-to-width ratio greater than the 3:1 minimum is
desirable. If the ratio is 4:1 or greater, then the dividing berm is not
required, and the pond may consist of one cell rather than two. A one-
cell pond must provide at least 6-inches of sediment storage depth
throughout its length.

A tear-drop shape, with the inlet at the narrow end, rather than a
rectangular pond is preferred since it minimizes dead zones caused by
corners.

A small amount of base flow is desirable to maintain circulation and
reduce the potential for low oxygen conditions during late summer.

Evergreen or columnar deciduous trees along the west and south sides
of ponds are recommended to reduce thermal heating, except that no
trees or shrubs may be planted on berms meeting the criteria of dams
regulated for safety. In addition to shade, trees and shrubs also
discourage waterfowl use and the attendant phosphorus enrichment
problems they cause. Trees should be set back so that the branches
will not extend over the pond.

Intent: Evergreen trees or shrubs are preferred to avoid problems
associated with leaf drop. Columnar deciduous trees (e.g., hornbeam,
Lombardy poplar, etc.) typically have fewer leaves than other
deciduous trees.

The number of inlets to the facility should be limited; ideally there
should be only one inlet. The flowpath length should be maximized
from inlet to outlet for all inlets to the facility.

The access and maintenance road could be extended along the full
length of the wetpond and could double as playcourts or picnic areas.
Placing finely ground bark or other natural material over the road
surface would render it more pedestrian friendly.

The following design features should be incorporated to enhance

aesthetics where possible:

- Provide pedestrian access to shallow pool areas enhanced with
emergent wetland vegetation. This allows the pond to be more
accessible without incurring safety risks.

- Provide side slopes that are sufficiently gentle to avoid the need for
fencing (3:1 or flatter).

- Create flat areas overlooking or adjoining the pond for picnic
tables or seating that can be used by residents. Walking or jogging
trails around the pond are easily integrated into site design.
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- Include fountains or integrated waterfall features for privately
maintained facilities.

- Provide visual enhancement with clusters of trees and shrubs. On
most pond sites, it is important to amend the soil before planting
since ponds are typically placed well below the native soil horizon
in very poor soils. Make sure dam safety restrictions against
planting do not apply.

- Orient the pond length along the direction of prevailing summer
winds (typically west or southwest) to enhance wind mixing.

Construction Criteria

Sediment that has accumulated in the pond must be removed after
construction in the drainage area of the pond is complete (unless used
for a liner - see below).

Sediment that has accumulated in the pond at the end of construction
may be used as-a-liner-in excessively drained soils to help meet the
liner requirements if the sediment meets the criteria for low
permeability or treatment liners in keeping with guidance given in
Chapter 4. Sediment used for a soil liner must be graded to provide
uniform coverage and must meet the thickness specifications in
Chapter 4. The sediment must not compromise the design volume of
the pond. Therefore, the pond must be over-excavated initially to
provide sufficient room for the sediments to serve as a liner.

Operation and Maintenance

Maintenance is of primary importance if wetponds are to continue to
function as originally designed. A local government, a designated
group such as a homeowners' association, or a property owner shall
accept the responsibility for maintaining the structures and the
impoundment area. A specific maintenance plan shall be formulated
outlining the schedule and scope of maintenance operations.

The pond should be inspected by the local government annually. The
maintenance standards contained in Section 4.6 are measures for
determining if maintenance actions are required as identified through
the annual inspection.

Site vegetation should be trimmed as necessary to keep the pond free
of leaves and to maintain the aesthetic appearance of the site. Slope
areas that have become bare should be revegetated and eroded areas
should be regraded prior to being revegetated.

Sediment should be removed when the 1-foot sediment zone is full
plus 6 inches. Sediments should be tested for toxicants in compliance
with current disposal requirements. Sediments must be disposed in
accordance with current local health department requirements and the
Minimum Functional Standards for Solid Waste Handling. See
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BMP T10.20 Wetvaults

Purpose and Definition

A wetvault is an underground structure similar in appearance to a
detention vault, except that a wetvault has a permanent pool of water
(wetpool) which dissipates energy and improves the settling of particulate
pollutants (see the wetvault details in Figure 10.6). Being underground,
the wetvault lacks the biological pollutant removal mechanisms, such as
algae uptake, present in surface wetponds.

Applications and Limitations

A wetvault may be used for commercial, industrial, or roadway projects if
there are space limitations precluding the use of other treatment BMPs.
The use of wetvaults for residential development is highly discouraged.
Combined detention and wetvaults are allowed; see BMP T10.40.

A wetvault is believed to be ineffective in removing dissolved pollutants
such as soluble phosphorus or metals such as copper. There is also
concern that oxygen levels will decline, especially in warm summer
months, because of limited contact with air and wind. However, the
extent to which this potential problem occurs has not been documented.

Below-ground structures like wetvaults are relatively difficult and
expensive to maintain. The need for maintenance is often not seen and as
a result routine maintenance does not occur.

If oil control is required for a project, a wetvault may be combined with an
API oil/water separator.

Design Criteria
Sizing Procedure

As with wetponds, the primary design factor that determines the removal
efficiency of a wetvault is the volume of the wetpool. The larger the
volume, the higher the potential for pollutant removal. Performance is
also improved by avoiding dead zones (like corners) where little exchange
occurs, using large length-to-width ratios, dissipating energy at the inlet,
and ensuring that flow rates are uniform to the extent possible and not
increased between cells.

The sizing procedure for a wetvault is identical to the sizing procedure for
a wetpond. The wetpool volume for the wetvault shall be equal to or
greater than the total volume of runoff from the 6-month, 24-hour storm
event. Alternatively, the 91% percentile, 24-hour runoff volume estimated
by an approved continuous runoff model may be used.

Typical design details and concepts for the wetvault are shown in Figure
10.6.
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See Chapter 11 for information on maintenance of baffle oil/water
separators.

1

The sizing procedures for the baffle oil/water separator (Chapter 11)
should be run as a check to ensure the vault is large enough. If the
oil/water separator sizing procedures result in a larger vault size,
increase the wetvault size to match.

An oil retaining baffle shall be provided in the second cell near the
vault outlet. The baffle should not contain a high-flow overflow, or
else the retained oil will be washed out of the vault during large
storms.

The vault shall have a minimum length-to-width ratio of 5:1.

The vault shall have a design water depth-to-width ratio of between
1:3t0 1:2.

The vault shall be watertight and shall be coated to protect from
corrosion.

Separator vaults shall have a shutoff mechanism on the outlet pipe to
prevent oil discharges during maintenance and to provide emergency
shut-off capability in case of a spill. A valve box and riser shall also
be provided.

Wetvaults used as oil/water separators must be off-line and must
bypass flows greater than the off-line WQ design flow multiplied by
the off-line ratio indicated in Figure 9.5b.

Intent: This design minimizes the entrainment and/or emulsification
of previously captured oil during very high flow events.
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BMP T10.30 Stormwater Treatment Wetlands
Purpose and Definition

In land development situations, wetlands are usually constructed for two
main reasons: to replace or mitigate impacts when natural wetlands are
filled or impacted by development (mitigation wetlands), and to treat
stormwater runoff (stormwater treatment wetlands). Stormwater treatment
wetlands are shallow man-made ponds that are designed to treat
stormwater through the biological processes associated with emergent
aquatic plants (see the stormwater wetland details in Figure 10.7 and
Figure 10.8.

Wetlands created to mitigate disturbance impacts, such as filling, may not
also be used as stormwater treatment facilities. This is because of the
different, incompatible functions of the two kinds of wetlands. Mitigation
wetlands are intended to function as full replacement habitat for fish and
wildlife, providing the same functions and harboring the same species
diversity and biotic richness as the wetlands they replace. Stormwater
treatment wetlands are used to capture and transform pollutants, just as
wetponds are, and over time pollutants will concentrate in the sediment.
This is not a healthy environment for aquatic life. Stormwater treatment
wetlands are used to capture pollutants in a managed environment so that
they will not reach natural wetlands and other ecologically important
habitats. In addition, vegetation must occasionally be harvested and
sediment dredged in stormwater treatment wetlands, further interfering
with use for wildlife habitat.

In general, stormwater wetlands perform well to remove sediment, metals,
and pollutants that bind to humic or organic acids. Phosphorus removal in
stormwater wetlands is highly variable.

Applications and Limitations

This stormwater wetland design occupies about the same surface area as
wetponds, but has the potential to be better integrated aesthetically into a
site because of the abundance of emergent aquatic vegetation. The most
critical factor for a successful design is the provision of an adequate
supply of water for most of the year. Careful planning is needed to be sure
sufficient water will be retained to sustain good wetland plant growth.
Since water depths are shallower than in wetponds, water loss by
evaporation is an important concern. Stormwater wetlands are a good WQ
facility choice in areas with high winter groundwater levels.
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Design Criteria

When used for stormwater treatment, stormwater wetlands employ some
of the same design features as wetponds. However, instead of gravity
settling being the dominant treatment process, pollutant removal mediated
by aquatic vegetation and the microbiological community associated with
that vegetation becomes the dominant treatment process. Thus when
designing wetlands, water volume is not the dominant design criteria.
Rather, factors which affect plant vigor and biomass are the primary
concerns.

Sizing Procedure

Step 1: The volume of a basic wetpond is used as a template for sizing the
stormwater wetland. The design volume is the total volume of runoff
from the 6-month, 24-hour storm event._Alternatively, the 91%' percentile,
24-hour runoff volume estimated by an approved continuous runoff model

may be used.

Step 2: Calculate the surface area of the stormwater wetland. The surface
area of the wetland shall be the same as the top area of a wetpond sized for
the same site conditions. Calculate the surface area of the stormwater
wetland by using the volume from Step 1 and dividing by the average
water depth (use 3 feet).

Step 3: Determine the surface area of the first cell of the stormwater
wetland. Use the volume determined from Criterion 2 under "Wetland
Geometry", and the actual depth of the first cell.

Step 4: Determine the surface area of the wetland cell. Subtract the
surface area of the first cell (Step 3) from the total surface area (Step 2).

Step 5: Determine water depth distribution in the second cell. Decide if
the top of the dividing berm will be at the surface or submerged
(designer's choice). Adjust the distribution of water depths in the second
cell according to Criterion 8 under "Wetland Geometry" below. Note:
This will result in a facility that holds less volume than that determined in
Step 1 above. This is acceptable.

Intent: The surface area of the stormwater wetland is set to be roughly
equivalent to that of a wetpond designed for the same site so as not to
discourage use of this option.

Step 6: Choose plants. See Table 10.1 for a list of plants recommended
for wetpond water depth zones, or consult a wetland scientist.

Wetland Geometry

1. Stormwater wetlands shall consist of two cells, a presettling cell and a
wetland cell.

August 2001

Volume V — Runoff Treatment BMPs 10-27



Combined Detention and Wetpond (Basic and Large)

Typical design details and concepts for a combined detention and wetpond
are shown in Figures 10.9 and 10.10. The detention portion of the facility
shall meet the design criteria and sizing procedures set forth in Volume 3.

Sizing Procedure

The sizing procedure for combined detention and wetponds are identical to
those outlined for wetponds and for detention facilities. The wetpool
volume for a combined facility shall be equal to or greater than the total
volume of runoff from the 6-month, 24-hour storm event._Alternatively
the 91% percentile, 24-hour runoff volume estimated by an approved
continuous runoff model may be used to size the wetpool. Follow the
standard procedure specified in Volume I11 to size the detention portion of
the pond.

Detention and Wetpool Geometry

e The wetpool and sediment storage volumes shall not be included in the
required detention volume.

o The "Wetpool Geometry" criteria for wetponds (see BMP T10.10)
shall apply with the following modifications/clarifications:

Criterion 1: The permanent pool may be made shallower to take up most
of the pond bottom, or deeper and positioned to take up only a limited
portion of the bottom. Note, however, that having the first wetpool cell at
the inlet allows for more efficient sediment management than if the cell is
moved away from the inlet. Wetpond criteria governing water depth must,
however, still be met. See Figure 10.11 for two possibilities for wetpool
cell placement.

Intent: This flexibility in positioning cells is provided to allow for
multiple use options, such as volleyball courts in live storage areas in the
drier months.

Criterion 2: The minimum sediment storage depth in the first cell is 1-
foot. The 6 inches of sediment storage required for detention ponds does
not need to be added to this, but 6 inches of sediment storage must be
added to the second cell to comply with the detention sediment storage
requirement.

Berms, Baffles, and Slopes
Same as for wetponds (see BMP T10.10).
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Inlet and Outlet

The "Inlet and Outlet" criteria for wetponds shall apply with the following
modifications:

e A sump must be provided in the outlet structure of combined ponds.
e The detention flow restrictor and its outlet pipe shall be designed
according to the requirements for detention ponds (see Volume I11).

Access and Setbacks
Same as for wetponds.

Planting Requirements
Same as for wetponds.

Combined Detention and Wetvault

The sizing procedure for combined detention and wetvaults is identical to
those outlined for wetvaults and for detention facilities. The wetvault
volume for a combined facility shall be equal to or greater than the total
volume of runoff from the 6-month, 24-hour storm event. Alternatively
the 91°' percentile, 24-hour runoff volume estimated by an approved
continuous runoff model may be used to size the wetpool portion of vault.
Follow the standard procedure specified in Volume 3 to size the detention
portion of the vault.

The design criteria for detention vaults and wetvaults must both be met,
except for the following modifications or clarifications:

e The minimum sediment storage depth in the first cell shall average 1-
foot. The 6 inches of sediment storage required for detention vaults
does not need to be added to this, but 6 inches of sediment storage
must be added to the second cell to comply with detention vault
sediment storage requirements.

« The oil retaining baffle shall extend a minimum of 2 feet below the
WQ design water surface.

Intent: The greater depth of the baffle in relation to the WQ design water
surface compensates for the greater water level fluctuations experienced in
the combined vault. The greater depth is deemed prudent to better ensure
that separated oils remain within the vault, even during storm events.

Note: If a vault is used for detention as well as water quality control, the
facility may not be modified to function as a baffle oil/water separator as
allowed for wetvaults in BMP T10.20. This is because the added pool
fluctuation in the combined vault does not allow for the quiescent
conditions needed for oil separation.

Combined Detention and Stormwater Wetland

The sizing procedure for combined detention and stormwater wetlands is
identical to those outlined for stormwater wetlands and for detention
facilities. Follow the procedure specified in BMP T10.30 to determine the
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